Signalling mechanisms mediated by the phosphoinositide 3-kinase/Akt cascade in synaptic plasticity and memory in the rat.
The phosphoinositide 3-kinase (PI3K)/Akt signalling cascade has classically been implicated in promoting cell survival but more recently has been shown to regulate a number of other cellular functions. In particular, studies have suggested that PI3K contributes to mechanisms associated with synaptic plasticity and memory processes but the function of this cascade in forms of synaptic plasticity, such as long-term potentiation, remains controversial and the PI3K substrates which mediate these effects are poorly understood. Here we report that the PI3K inhibitor LY294002 infused i.c.v. in vivo blocked maintenance of long-term potentiation induced in the dentate gyrus with a single tetanus to the perforant path but not with repeated tetani. This pattern of stimulation led to rapid and transient phosphorylation of the PI3K substrate Akt at Ser473 but not at Thr308. Functional readout of partial activation of Akt was demonstrated by an increase in phosphorylation of two downstream substrates, Forkhead (FKHR) and mammalian target of rapamycin (mTOR), in a delayed and prolonged manner at Akt-specific phosphorylation sites. LY294002 blocked phosphorylation of Akt and the prolonged phosphorylation of FKHR and mTOR but did not impair long-term potentiation-induced phosphorylation of extracellular receptor kinase. In addition, the same i.c.v. concentration of LY294002 impaired long-term consolidation of recognition memory but not short-term recognition memory or spatial learning and repeated training in the recognition memory task overcame the deficit in consolidation. These results suggest that activation of the PI3K/Akt pathway may contribute to the mechanisms of synaptic plasticity and memory consolidation by promoting cell survival via FKHR and protein synthesis via mTOR. Importantly, only partial activation of Akt at its Ser473 residue was necessary to mediate these effects.